In the present study the use of ICP-MS was investigated for the detection and differentiation of mechanically deboned meat (MDM) content treated with high pressure techniques in meat products. A number of samples of meat products were prepared containing different proportions of MDM and elemental analysis was performed by a multi-element ICP-MS method after microwave assisted acid digestion of processed meat samples in closed vessels acid microwave digestion method. Element concentrations were plotted versus MDM content and obvious differences were observed for certain elements. Among all examined elements, barium presented a clear trend in correlation of its concentration with the MDM content. The results of this preliminary study indicate that it is possible to detect the proportion of % MDM content in processed meat products by its correlation to barium concentration.
Introduction
Mechanically deboned meat (MDM) is often used as major ingredient in many processed meat products, since it is an important protein source. It is also called mechanically separated meat (MSM) or mechanically recovered meat (MRM) and it can be derived from chicken, hens, broilers, layers, turkey, pork, beef or lamb. However, the most often commercially used is the chicken MDM, which is produced after mechanical removal of the wings, legs, breast, meat and skin. [1] Mechanically deboned meat as defined in Regulation (EC) No 853/2004 is obtained by removing meat from flesh-bearing bones, using mechanical means. Carcasses are passed through a mechanical deboner to remove any skeletal muscle still attached to the frames. High pressure is applied to remove the remaining muscle and tissue by forcing it to pass through a series of sieves and/or plates. This procedure results in the production of a finely chopped meat, which can be used in processed meat and poultry products [2, 3] . This results in the loss or the modification of the muscle fiber structure. According to the EUregulation two types of bone separation can be distinguished: "hard separation", which means meat obtained by mechanical means from flesh bearing bones apart from the bones of the head, the extremities of the limbs below the carpal and tarsal joints and, in the case of swine, the coccygeal vertebrae, thus producing high-pressure MDM products and "soft separation", which is the meat obtained mechanically after removal of tendons and connective tissue, thus producing lowpressure MDM products [4, 5] .
According to the EU Regulation, low-and high-pressure MDM products are defined according to the alteration of bone structure and calcium content. Calcium content is 100 mg/100 g (1000 ppm) as upper limit for low pressure MDM. The pressure used may be different in various machines based on settings applied, however almost all the machines may produce both types by altering the pressure settings [6] .
Mechanically deboned meat is controlled by legislation in terms of the protein, fat and calcium content, the size and number of solid particles (bone particles) in the deboned meat. The economic impact of the addition of MDM in meat products is significant for the meat products industry. However, there is a risk for human health since MDM is susceptible to deterioration due to the extensive stress and aeration during the machine deboning process and the nature of the product due to its content in bone marrow, heme and lipids [7] .
The detection of MDM based on physical properties and chemical composition has been the subject of previous researches. In 2005, Serdaroglu et al. reported on the higher cholesterol and calcium and iron content. [8] Calcium content is an indicator of the amount of bone in meat as reported by several authors [9] . High iron content in mechanically deboned beef and turkey samples is a result of incorporation of red marrow during processing [10] , [11] .
However, till now no correlation has been established between an element content and MDM percentage of the meat product.
In the present study Microwave-assisted digestion procedure using closed vessels and nitric acid with hydrogen peroxide has been employed to decompose organic matrix of processed meat samples. Microwave-assisted sample digestion accelerates digestion due to high temperature and pressure and minimizes contamination and losses of volatile elements [12] , [13] .
A multi-element ICP-MS method was used for the determination of various elements in cold cuts samples containing mechanically deboned meat that was treated under low-and high-pressure techniques. However only a few elements could be quantified correlated to the MDM percentage. The preliminary results show a clear trend that has been observed between the MDM percentage of the processed meat products and barium concentration, which was also supported by the analysis of bone, which indicated high percentage in barium. This correlation is reported for the first time, though it can be considered as reasonable as for example for humans, barium is primarily distributed to the bone (almost 90%). Background levels of barium in human bones are ca 2 μg/g wet weight [14] .
Materials and Methods

Chemicals and reagents
All chemicals were of analytical grade. Nitric acid 65% HNO3, suprapur was supplied by Merck (Darmstadt, Germany), while hydrogen peroxide 30% (w/w) was supplied by SigmaAldrich (St Louis MO, USA).
A multi-element standard solution of 10 mg/L concentration was purchased by (Agilent, Waldbronn, Germany).
Ultra pure deionised water with a resistivity of 18.2 MΩ cm, was obtained from a MembraPure Astacus water purification system (MembraPure GmbH, Bodenheim, Germany).
Meat products were supplied by Creta Farm, a Greek company in the meat and deli meats sector.
Different percentages (w/w) of MDM were added in processed meat products: 2%, 4%, 8%, 15%, 25%, 35% and 50%. Pure MDM (100%) as well as pure meat (without mechanical deboning, i.e. 0% in MDM) were also analyzed.
Three series of samples were analyzed (Samples 1 and 2 contain high-pressure MDM and sample 3 contains low-pressure MDM). Samples were treated in triplicates and each sample was measured three times. Data were expressed as trace element mean values ± standard deviation. Correlation of average values was examined versus % MDM content.
All plastic and glass containers were soaked in 10% v/v HNO3 for 24 h, and then rinsed extensively with ultra pure water prior to use. Plastic containers that came into contact with samples or standards were checked for contamination.
Instrumentation
A START D Microwave digestion system (Milestone Srl Sorisole (BG) -Italy) was used for sample preparation. Processed meat samples were homogenized by Ultra-Turrax type Yellowline by IKA DI 18 Basic Homogenizer (IKA Werke GmbH & Co., Staufen, Germany) working at 5,000 rpm.
Elements were determined using an ICP-MS (Agilent 7500s-Agilent Technologies, Waldbronn, Germany). The instrumental settings and operative conditions are reported in Table 1 . 
Sample preparation
EPA method 3052 designed for the "total" analysis in a variety of matrices including soil, sediments, sludge, oils, biological and botanical materials was followed for tissue digestion [15] .
Three sample groups of cold cuts were prepared containing different (w/w) ratios in MDM, namely: 2%, 4%, 8%, 15%, 25%, 35% και 50% w/w. Samples containing 100% MDM and pure meat with no MDM added were also analyzed for comparison. Two of these sample groups were produced with high pressure MDM and one with low pressure.
All samples were homogenized with UltraTurrax DI-18 disperser (IKA-Werke, Staufen, Germany) at 5,000 rpm for three minutes.
For digestion aliquots of 1 g homogenized sample were accurately weighed using a Teflon vessel. After the addition of 8 mL of concentrated HNO3 (65%) and 2 mL H2O2 30% w/w, the digestion vessel was closed and heated in the microwave digestion system. The temperature was increased gradually up to 200 o C in 10 min and remained constant for another 10 min.
The obtained solutions were allowed to cool at room temperature and were quantitatively transferred into a glass volumetric flask of 50 mL (class A) and completed to volume with ultrapure deionised water. Analysis was performed by ICP-MS, following external calibration. Filtration was not necessary since the resultant digestate was clear enough.
At regular intervals during analysis, calibration standards were analysed to monitor instrument performance. Additionally, ultrapure deionised water blanks were frequently checked for cross contamination. Blanks were prepared by following the whole analytical procedure without samples. Measured concentration in the digested sample expressed in μg/L as calculated by calibration curve is converted to concentration in tissue expressed in μg/kg by the following equation:
Cdigested sample/ (20×m) = C tissue, where m is the mass of MDM in grams.
Standard solutions
All calibration standard solutions were prepared from 10 mg/L multi-element standard solution by sequential dilution with 5% (w/w) HNO3 in ultrapure deionised water.
All standards, reagent solutions and samples were kept in plastic containers and stored in the refrigerator before measurements. The working standard solutions were freshly prepared daily prior to the analyses and the concentrations were 0, 10, 20 and 50 μg/L for Mn, 0, 20, 100 and 200 μg/L for Zn, 0, 2, 10 and 20 μg/L for Sn and 0, 10, 50 and 100 μg/L for Ba.
Results and Discussion
Method calibration
For the quantitative analysis, external calibration technique was used. The calibration curves were constructed at four concentration levels. The correlation coefficients for all the calibration curves were at least 0.9999, showing good linear relationship throughout the ranges of concentrations studied. For checking the absence of polyatomic interferences several isotopes of the elements were measured and the isotopic ratio in the digested solution of the samples was examined.
Statistical analysis-Correlation of elements concentration with %MDM content
Regression analysis was applied to the results. Concentration of different elements was plotted versus % MDM content. From the examined elements, only barium showed to follow the linear model, since an obvious trend of linear relationship is observed in all group samples. Manganese showed also a linear relationship in samples 1 and 2, which contain high-pressure MDM and no correlation in sample 3, which contains low-pressure MDM. This difference can be attributed to the processing technology. Figures  1-4 illustrate the results for selected elements. The threshold for the safe quantification of MDM is 4%. To investigate the origin of barium in different animal tissues which are frequently added in MDM, various samples were also analyzed following the same analytical procedure. These samples included, four different chicken bones, chicken skin, two chicken muscle (breast and leg), two different porcine bones, two porcine muscles, porcine marrow, porcine periosteum and porcine vessel, as well as four commercial products (paste and parizer) for comparison.
Considering that MDM contains an increased proportion of bone particles, (whose main element is calcium), the correlation found between barium content and MDM percentage may be explained by the also increased concentration of barium, as this element is primarily distributed to the bone according to the literature, at least in humans [14] . These two chemical elements belong to the same group in periodic table and they exhibit similar behavior as they possess the same chemical properties. (Fig. 5) shows the results of barium concentration in various animal tissues. 
Conclusion
This preliminary study which described herein shows that we can predict the % MDM content in processed cold cuts by determining the concentration of barium, which can be attributed to the fact that barium is mainly distributed to the bone. The analysis of various bone types showed that they contain considerable amounts of barium. The fact that MDM contains bone particles leads to the correlation of barium and MDM percentage. Regression analysis of the findings of current research, shows that quantification is achieved, when MDM content is higher than 4%. More experiments need to be carried out, in order to create a statistical model for the prediction and calculation of a more accurate and sensitive % MDM calculation. Thus, barium content can be used as quality indicator of processed meat products in meat and deli meats factories. Manganese showed also a linear relationship in containing high pressure MDM and no correlation in containing low pressure MDM. This difference can be attributed to the processing technology.
